With current treatment regimens, upwards of 80% of pediatric patients with acute lymphoblastic leukemia (ALL) are expected to be long-term, event-free survivors. Although toxicities have been significantly reduced in contemporary therapy protocols relative to those seen a decade or two ago, late effects remain a concern. Dana-Farber Cancer Institute (DFCI) Childhood ALL Consortium Protocol 95-01 was designed to minimize therapy-related toxicity without compromising efficacy [1] . It evaluated, in a randomized fashion, strategies to minimize toxicities related to doxorubicin, CNS-directed treatments, and L-asparaginase. Furthermore, risk group criteria were modified to incorporate National Cancer Institute (NCI) age and white blood count (WBC) criteria [2], as a result of which only 45% of patients were classified as high risk compared with 60% on previous protocols.
INTRODUCTION
With current treatment regimens, upwards of 80% of pediatric patients with acute lymphoblastic leukemia (ALL) are expected to be long-term, event-free survivors. Although toxicities have been significantly reduced in contemporary therapy protocols relative to those seen a decade or two ago, late effects remain a concern. Dana-Farber Cancer Institute (DFCI) Childhood ALL Consortium Protocol 95-01 was designed to minimize therapy-related toxicity without compromising efficacy [1] . It evaluated, in a randomized fashion, strategies to minimize toxicities related to doxorubicin, CNS-directed treatments, and L-asparaginase. Furthermore, risk group criteria were modified to incorporate National Cancer Institute (NCI) age and white blood count (WBC) criteria [2] , as a result of which only 45% of patients were classified as high risk compared with 60% on previous protocols.
The 5-year event-free survival (EFS) on Protocol 95-01 was 82 AE 2%, comparable to that of the predecessor protocol (91-01), whose EFS rate was 83 AE 2% [1] . This rate also compared favorably with results for similar groups of unselected patients with ALL treated contemporaneously by other investigators [3] [4] [5] .
A primary objective of Protocol 95-01 was to reduce neurocognitive sequelae in long-term survivors. For example, Standard Risk (SR) patients were randomized to receive 18 Gy whole brain radiation (CRT) (with two-drug intrathecal (IT) chemotherapy) versus more frequent dosing of IT chemotherapy without CRT as CNS-directed treatment, with the goal of comparing potential neurotoxic outcomes for patients treated on the two arms of the trial.
We have previously reported results from the CRT randomization. There were essentially no differences between patients treated on the two arms of the randomization, although those who received CRT did show some reduction in processing speed [6] . That report did not, however, include High Risk (HR) patients treated on Protocol 95-01. In particular, it did not address potential CNS-related morbidity experienced by these patients, who received more intensive therapy than the SR patients. If there were less neurocognitive morbidity in the SR group, treating more children as SR patients, where prudent, could result in greater sparing in terms of these late effects.
Background. Children treated for acute lymphoblastic leukemia (ALL) as High Risk (HR) patients may be more vulnerable to neurocognitive late effects because of the greater intensity of their therapy. We compared neuropsychological outcomes in children treated for Standard Risk (SR) or HR ALL on Dana-Farber Cancer Institute (DFCI) Consortium ALL Protocol 95-01. We also evaluated their performance relative to normative expectations. Procedure. Between 1996 and 2000, 498 children with newly diagnosed ALL were treated on Protocol 95-01, 298 of whom were eligible for neuropsychological follow-up. A feature of this protocol was modification of risk group criteria to treat more children as SR rather than HR patients, intended to minimize toxicities. Testing was completed at a median of 5.3 years post-diagnosis for 211 patients (70.8%; ages 6-25 years; 45.5% male; 40% HR), all of whom were in continuous complete remission. Results. Test scores for both groups were generally at or above normative expectation, with the exception of verbal working memory, processing complex visual information, and parent ratings of metacognitive skills. After adjusting for covariates, the SR group performed better on measures of IQ and academic achievement, working memory and visual learning. Effect sizes, however, were only in the small to moderate range. Conclusions. HR patients exhibited neuropsychological deficits relative to SR patients, though the differences were modest in degree. Modification of the risk group criteria to treat more children on the SR protocol therefore likely afforded some benefit in terms of neurocognitive late effects. Pediatr Blood Cancer 2012;58: 758-765. ß 2011 Wiley Periodicals, Inc.
As a follow-up to our earlier report, the present report provides comprehensive data on neuropsychological outcomes for 211 patients treated on Protocol 95-01 at a median follow-up of 5.33 years (range 2.33-9.5). Aims of the study were (1) to describe overall outcomes referenced to normative expectations and (2) to compare outcomes for children treated as HR patients to those of SR patients. Because HR patients received more intensive systemic and CNS-directed treatments, we predicted that they would exhibit greater neuropsychological morbidity.
METHODS

Patients
Between January 1996 and September 2000, 498 children (ages 0-18 years) with newly diagnosed ALL were enrolled on Protocol 95-01 [1] . Of these, 7 discontinued protocol treatment, leaving 491 who were evaluable for results of treatment. Two hundred seventy-two patients (55%) were classified as SR. Children who had been in continuous complete remission for at least 5 years post-diagnosis were targeted for long-term followup of their neuropsychological status, although several children who had been in remission for somewhat briefer periods were included. Two institutions, Mount Sinai Medical Center and Ochsner Clinic, did not participate in the neuropsychological follow-up. The institutional review boards of each participating institution approved the protocol prior to patient enrollment. Written informed consent was obtained from parents or guardians and assent from capable patients. Participants received a $25 gift certificate in recognition of their cooperation. Figure 1 details reasons for exclusion or nonparticipation for the 498 patients enrolled on Protocol 95-01. Of the 298 patients who were eligible for this neuropsychological follow-up study, data were obtained for 211 (70.8%). Of these, 60% were treated as SR patients and 40% as HR, consistent with the distribution for the 491 children originally enrolled in Protocol 95-01. Thus, the sample can be viewed as representative.
Risk Groups
Risk group assignment was determined at the time of diagnosis. Patients assigned to the HR group presented with one or more of the following pretreatment characteristics: (1) WBC > 50,000/ ml, (2) age < 1.00 or !10.00 years, (3) presence of lymphoblasts in a cytocentrifuged cerebrospinal fluid (CSF) specimen regardless of CSF WBC count (i.e., CNS-2 or CNS-3), (4) radiographic evidence of a mediastinal mass, and 5) T cell immunophenotype. Patients with a Philadelphia chromosome [t(9;22)(q34;q11)] were treated as HR patients and received an allogeneic bone marrow transplant during first remission. Such patients were not eligible for this neuropsychology follow-up study. All other patients were classified as SR.
Therapy
Details of the therapy protocol are shown in Table I . CNS therapy commenced during the first cycle of intensification. All patients received four doses of either two-or three-drug intrathecal chemotherapy over a 2-week period during CNS therapy. In addition, 1,800 cGy CRT was administered to those SR patients randomized to receive radiation and to all HR patients. SR girls between 2 and 9 years of age or with presenting leukocyte counts less than 20,000/mm 3 were directly assigned to intensive threedrug IT chemotherapy only because such patients had been treated successfully without CRT on a prior DFCI ALL Consortium protocol [7] . For infants, CRT was delayed until 12 months of age. Therapy was discontinued after 24 months of continuous complete remission for all patients.
Features of the protocol that may be relevant to differences in late neurotoxicity between HR and SR patients included (1) 
Neuropsychological Battery
Neuropsychological testing was performed at a median of 5.3 years after diagnosis (range 2.33-9.5 years). Although the range was broad, most children were close to 5 years post-diagnosis at evaluation (10%ile ¼ 4.5 years; 90%ile ¼ 7.1 years). We used a relatively brief neuropsychological battery to enhance reliability and comparability of data across institutions and investigational protocols and to encourage compliance. This approach also facilitated testing for a study sample in which participants spoke English, Spanish, or French, with sites in the US, Puerto Rico, and Quebec.
The neuropsychological battery included five representative subtests of the age-appropriate Wechsler IQ test (WISC-III or WAIS-III)-Information, Vocabulary, Digit Span, Picture Arrangement, and Block Design [8, 9] . The Vocabulary and Block Design dyad can be used to estimate Full Scale IQ; correlation of this dyad with Full Scale IQ is 0.9 [10] . Although the WISC-IV is the current version of the test, it was published after the study was already in progress. Other measures included the Passage Comprehension and Calculation subtests from the Woodcock-Johnson Test of Psychoeducational Abilities, Third Edition (WJ-III) [11] , the Verbal and Visual Learning Subtests from the Wide Range Assessment of Memory and Learning (WRAML) [12] , and the Rey-Osterrieth Complex Figure (ROCF), scored with the Developmental Scoring System [13] . Two questionnaire measures were administered to parents: the Behavioral Assessment System for Children (BASC), a measure of psychosocial adjustment [14] ; and the Behavioral Rating Inventory of Executive Function (BRIEF), a measure of executive functioning in daily life [15] .
Adaptations to test materials and instructions were made for the children from Puerto Rico and Quebec, whose primary languages were Spanish and French, respectively. The most recent edition of the Wechsler Scale in their language was used, and the Verbal Learning subtest from the Wide Range Assessment of Memory and Learning (WRAML) was translated into Spanish or French. The Woodcock-Johnson Tests of Achievement Third Edition (WJ-III) Passage Comprehension was administered in the Spanish version or translated to French. The WJ-III Calculation subtest did not require translation, except for the instructions. The Behavioral Assessment System for Children (BASC) questionnaire was administered in the Spanish version and was translated and back translated to French. The Behavior Rating Inventory of Executive Function (BRIEF) questionnaire was introduced midway through the study, shortly after it was first published. It was administered in English and in Spanish translation, but was not translated for the French speakers.
Statistical Methods
Comparisons of observed means to population means were carried out by one-way t-tests and binomial tests. The Rey-Osterrieth variables were treated categorically (less than or greater than Differences between risk groups were evaluated by multiple regression analyses, with Risk Group expressed as a binary variable and adjusting for effects of age at diagnosis, sex, and mother's education. Analyses of the Rey-Osterrieth outcomes, where the scores are not standardized for age, include age at diagnosis as a predictor but not age at testing, since the two are nearly perfectly correlated (r ¼ 0.94). The significance of age at diagnosis as a predictor, however, cannot be interpreted for this test because it is not possible to distinguish between the typical relationship of the raw scores to age and potential effects of age at diagnosis. The group difference in prevalence of special education was evaluated by logistic regression with models parallel to the multiple regression models. Data analysis was carried out in PASW Statistics 18. Probability levels less than 0.05 were deemed significant and there was no correction for multiple comparisons.
RESULTS
Patient Characteristics
Table II summarizes characteristics of the participants according to risk group. SR and HR patients differed by age, as expected, because of the criteria for risk group assignment. HR patients were older at diagnosis and testing, and their age range was broader, as this risk group included both young children and adolescents. SR patients, by definition, were less than 10 years old at diagnosis. Sex, primary language, and mother's educational status did not differ by risk group. Approximately a quarter of participants were currently enrolled in special education or receiving tutoring by parent report. The risk groups did not differ in prevalence or intensity of services.
Neuropsychological Outcomes
Comparison to norms. Table III displays 
Mean scores for the behavioral questionnaires were very close to expected population means. HR children showed fewer externalizing symptoms (BASC) than normative expectation and more problems with executive functioning (BRIEF). Children in the SR group did not differ from normative expectation on any questionnaire scales.
Risk group. Table IV shows results of the multiple regression analyses, including standardized parameter estimates for all predictors, as well as unstandardized parameter estimates for Risk group. In the context of the multivariate models, Risk Group effects favoring the SR group emerged for most of the cognitive measures, with effect sizes that were consistently in the range of one-third standard deviation, small to moderate in magnitude. Children in the SR group had higher scores on estimated IQ, Information, Digit Span, and Block Design as well as both academic measures. They also performed better on Visual Learning. There were no risk group-related differences on any of the behavioral rating scales and only one difference on the ROCF, potentially a chance finding. Logistic regression analyses of receipt of special education, adjusted for covariates, revealed no risk group differences. The standardized parameter estimates provide an indication of the influence of risk group relative to other predictors. In general, the effects of age at diagnosis and maternal education were larger than that of risk group.
Females were more likely to be receiving special education within both risk groups (SR: 39% of females in special education, 16% of males; HR: 32% of females, 15% of males). Exploratory analyses indicated, however, that among those receiving special education, test scores were higher for females than males for both IQ and academic achievement [ 
DISCUSSION
This study reports neuropsychological outcomes for a large cohort treated for childhood ALL on DFCI ALL Consortium Protocol 95-01 as Standard or High-Risk patients. The study had two main findings. First, performance on most, but not all, neuropsychological measures approximated normative expectations for the population at large for children in both risk groups. Decreased performance was documented only for measures of verbal working memory and the capacity to manage complex, novel visuospatial material (ROCF). Second, there were consistent and statistically significant differences between children treated as SR and HR patients in performance on measures of cognitive functioning. The magnitude of these differences, however, was only in the small to moderate range. These effects, moreover, were generally smaller in magnitude than the effects of age at diagnosis and maternal education. Since there was no Percent individuals with score below the 10%ile. c Higher score denotes more problems except for Adaptive Skills scale. Ã P < 0.05. ÃÃ P < 0.01. ÃÃÃ P < 0.001. risk group difference in receipt of special education services, the differences we detected in cognitive outcomes may not be of great functional consequence.
Performance Relative to Norms
These findings are entirely consistent with findings from prior DFCI protocols, which similarly documented basic skill levels that approximated the expected population mean, with a relative weakness in verbal working memory and a higher proportion with deficient performance on the complex figure task [16, 17] . This consistency across protocols is striking; the pattern of deficits has been remarkably stable across protocols for the past 15 years, despite changes in therapy regimens. The same pattern of deficits emerged for children in both risk groups and they were of comparable magnitude.
A report from St. Jude Children's Research Hospital, based on children treated without CRT, similarly indicated that overall skill levels approximated the population mean, with specific deficits in working memory [18] . Deficits on both the Digit Span and the ROCF tasks, as well as the BRIEF Metacognitive Index, are known to be associated with learning disorders in the general population [19] [20] [21] [22] . Moreover, working memory is thought to be foundational to overall IQ level in both ALL survivors [23] and healthy children [24] .
Our findings are notable as well because cranial irradiation has been more frequently used in the DFCI protocols than in those of other contemporary collaborative groups. Since many studies have documented more significant impairment for children who receive CRT [25] [26] [27] , with mean IQ scores generally approximating 90, the relatively milder effects observed for Protocol 95-01 and its predecessor protocols, for which the great majority of children received 18 Gy cranial radiation, is noteworthy. Indeed, as noted in the introduction, the randomized trial embedded in DFCI Protocol 95-01 revealed minimal neurocognitive differences between children randomized to CNS treatment with CRT or three-drug IT therapy [6] . The apparent neuropsychological sparing in the present sample, despite treatment with CRT, is encouraging.
We also obtained parent reports of behavioral outcomes. These parent reports documented no elevations in problems related to psychosocial adjustment. The HR group showed an elevation in problems in executive functioning, but there were no differences between the risk groups when the outcomes were adjusted for covariates.
About a quarter of the children were enrolled in special education, approximately double the estimated rate of 13.4% in the Unstandardized parameter estimates (B), t-test and probability levels are displayed for Risk, as well as adjusted R 2 for full model. Statistically significant estimates by t-test are italicized; Statistically significant estimates for Risk are also bolded for ease of review; N ¼ 211 unless otherwise indicated.
US [28] . Girls largely accounted for this elevation. Paradoxically, however, girls who were receiving special education services exhibited stronger IQ and to some extent academic achievement than boys receiving special education, suggesting that the observed difference reflects referral bias and not greater impairment among girls, consistent with the neuropsychological findings, which revealed few and inconsistent sex differences. The basis for such a potential referral bias, however, cannot be ascertained from our data.
Risk Group
Neuropsychological outcomes differed consistently but only moderately in terms of the magnitude of the differences between risk groups. A number of the differences that emerged appeared to involve memory, including working memory, contextualized memory for factual information, and visual learning. Performance on measures of academic achievement also differed between the groups, potentially related to the memory differences. We have reported elsewhere risk group-related differences for the Digit Span subtest [29] , a measure of verbal working memory, as did the study from St. Jude's Children's Research Hospital alluded to above [18] . The present findings constitute a further replication. We previously suggested that these differences could be related to different intensities of steroid therapy for SR and HR patients [29] , since glucocorticoid steroids have been associated with memory function [30] , including working memory [31] .
In any event, the magnitude of the differences that did emerge was only moderate. The unstandardized parameter estimates indicated differences in the neighborhood of one-third standard deviation, potentially clinically meaningful but by no means dramatic. Moreover, comparison of the standardized parameter estimates for risk with those for other predictors, in particular age at diagnosis and maternal education, indicated that the latter are more potent predictors than risk group.
Limitations
The most important potential limitation of this study is the inherent confounding of risk group with age at diagnosis in the design of the treatment protocol. Because of the criteria for risk group assignment, children in the HR group were on average older at diagnosis. Given this association and the association between age at diagnosis and outcome, it was not possible to account for independent effects of risk group and age at diagnosis with complete certainty. Nevertheless, older age at diagnosis consistently predicted better performance whereas membership in the HR group, who were on average older, predicted poorer performance, suggesting that the differences we detected do not reflect the confounding of risk group and age at diagnosis in the design.
Another concern is the validity of evaluating these outcomes against population norms rather than a control group. If our sample were biased toward higher socioeconomic status families, we could underestimate the impact of the disease and its therapy. The socioeconomic characteristics of our sample as indexed by maternal education, however, were well distributed across the range; 33% of mothers had a high school education or less and 38% had a college degree or higher. Thus, our sample is not likely to be substantially different socioeconomically from the normative samples.
In conclusion, children treated as SR patients achieved better neurocognitive outcomes than those in the HR group, but the magnitude of the differences was only in the small to moderate range. Modification of the risk group criteria, which had the effect of decreasing the proportion of children on DFCI Protocol 95-01 who were treated on the more intensive HR regimen, thus would have resulted in some sparing in terms of neuropsychological outcomes. The impact would not have been dramatic, however, and outcomes among the HR group appear to be generally favorable, despite this risk group difference.
Recent evaluations of randomized controlled trials have yielded scant evidence of treatment-related effects. These include comparisons of CRT versus triple IT drug [6] , standard fraction versus hyperfractionated CRT [17] , IT-MTX versus triple IT drug [32] , and prednisone versus dexamethasone as steroid therapy [33] . The risk group-related effects reported here, while statistically and potentially functionally significant, were nevertheless of less consequence than those related to child characteristics, specifically age at diagnosis and mother's education. In the contemporary era of therapy, prevention strategies may need to focus on identification and potential amelioration of child-related risks for adverse outcomes as much as on the treatments themselves. Investigations of genetic factors that could heighten risk for neurotoxicity could also prove to be an important step in this direction [34, 35] .
